Staphylococcin 1580, produced by Staphylococcus epidermidis 1580, consisted of 41.8% protein, 34% carbohydrate, and 21.9% lipid. In the protein fraction, the acidic amino acids, glutamic and aspartic acid, and the neutral amino acids, glycine and alanine, predominated. Neutral sugars consisted of glucose, galactose, and fucose in a molar ratio of 6:3:1. The purified bacteriocin was not inactivated by heating for 15 min at 120 C in the presence of 0.5% serum albumin and was stable in the pH range from 3.5 to 8.5. The compound was sensitive to the action of the proteolytic enzymes trypsin, Pronase, and chymotrypsin. All gram-negative bacteria tested were resistant; a large number of gram-positive bacteria were sensitive to staphylococcin 1580 action. Growth of stable staphylococcal L-forms was inhibited by the bacteriocin to the same extent as their parent strains. The staphylococcin was adsorbed to cell walls, cell membranes, and resistant cells. The effect of staphylococcin 1580 appeared to be bactericidal but not bacteriolytic.
A previous paper (23) described the production and purification of a bacteriocin named staphylococcin 1580 and obtained from Staphylococcus epidermidis 1580 grown on a semisolid medium. The bacteriocin was homogeneous upon polyacrylamide gel electrophoresis, exhibited a molecular weight between 150,000 and 400,000, and consisted of protein, carbohydrate, and lipid. In 6 M urea or in 0.1% sodium dodecyl sulfate, staphylococcin 1580 was split into subunits with a molecular weight between 10,000 and 25,000. This paper deals with the nature and some properties of this staphylococcin.
MATERIALS AND METHODS
Microorganisms. The staphylococcin was produced by S. epidermidis 1580. S. aureus Oxford 209 P was used as indicator strain. Stable staphylococcal L-forms and their parent strains, S. aureus 212 and 6538, were obtained from B. Kagan, Cedars-Sinai Hospital, Los Angeles, Calif. The other strains of the several bacterial species were isolated from various sources in the hospital or were obtained from NCTC. All bacterial strains were maintained on Trypticase soy agar (BBL). Staphylococcal L-forms were maintained on brain heart infusion agar (BHI agar, Difco) supplemented with 5% NaCl and 20% unheated horse serum.
Isolation, purification, and assay of staphylococcin 1580. Staphylococcin 1580 was isolated, purified, and tested according to the methods described previously (23) .
Chemical analysis. The protein content was calculated from the amino acid composition or determined by the method of Lowry et al. (29) by using bovine serum albumin as reference. Total nitrogen was determined by the micro-Kjeldahl method (2) . Total phosphate was measured according to Fiske and Subbarow (13) . Deoxyribonucleic acid and ribonucleic acid were determined according to Burton (7) and Webb (41) , respectively.
Amino acid analysis. Samples of staphylococcin 1580 dissolved in 6 N HCI were heated at 110 C for 24 hr in sealed, evacuated tubes. The amino acid composition and the hexosamine content were determined with a Beckman automatic analyzer model 120. The data were corrected according to the method of Starbuck et al. (38) . The tryptophan content was estimated according to Beaven and Holiday (4) .
Identification of carbohydrates. A sample of the bacteriocin was hydrolyzed in 2 N H2SO4 at 100 C for 2 hr. After neutralization with Ba(OH)2 and centrifugation, the hydrolysate was applied to a Dowex 50W-X8 (H+ form) column (1.5 by 20 cm) prepared in water. Neutral carbohydrates were eluted with water. Hexosamines were eluted with 2 N HCI and quantitatively determined according to Boas (6) . In order to identify the neutral carbohydrates, thinlayer chromatography was done for 9 hr on cellulose plates (Merck) with a mixture of pyridine, 1-butanol, and water (3:5:3; v/v/v) as solvent. Samples of Dglucose, D-galactose, D-mannose, L-fucose, L-rhamnose, and D-xylose were used as references. The chromatograms were dried and sprayed with a freshly prepared solution of 2% p-anisidine in a mixture of 1-butanol, ethanol, and 2 N HCI (4:1:1; v/v/v) con-JETTEN AND VOGELS taining a trace of stannous chloride. After a few minutes at 110 C the hexoses yielded brown spots, the pentoses red spots, and the methylpentoses yellow spots (21) . The total content of neutral sugars was determined according to the anthrone method (28) 35 ,000 x g and suspension in water, the final membrane preparation was obtained. Isolation and preparation of spheroplasts and cell membranes of E. coli NCTC 10418 was performed in a similar way according to Kaback (24) .
Viable count. The viable count, expressing the total number of colony-forming units (CFU), was determined by plating a suitable amount of the sample on proteose peptone no. 3 agar (Difco). Colonies were counted after incubation at 37 C for 18 hr.
Chemicals. Bovine serum albumin, lysozyme, trypsin, chymotrypsin, deoxyribonuclease, ribonuclease, and the various sugars were purchased from Sigma Chemical Co., St. Louis, Mo. Pronase P was purchased from Serva, Heidelberg, Germany. Thinlayer chromatography was done on cellulose TLC aluminum sheets from Merck, Darmstadt, Germany. Lysostaphin was purchased from Schwarz/Mann, Orangeburg, N.Y. Horse serum was purchased from Oxoid Limited, London.
RESULTS
Chemical analysis. The chemical composition of staphylococcin 1580 is shown in Table  1 . Staphylococcin 1580 consisted of protein (41.8%), carbohydrate (34%), and lipid (21.9%). The sum of the amounts of these compounds did not quite equal the total dry weight. The ratio between the percentage of protein calculated from the amino acid analysis and that of total nitrogen indicated that almost all nitrogen was originated from the protein. The protein determination according to Lowry et al. (29) revealed an amount 20% higher than that expected on basis of the amino acid analysis and the nitrogen content. The staphylococcin was free from nucleic acids and its phosphate content was low.
The protein and carbohydrate fractions were studied further by determination of the amino acid and sugar composition, respectively. The amino acid composition and hexosamine content are given in Table 2 . The acidic amino acids, aspartic and glutamic acid, and the neutral amino acids, glycine and alanine, predom- inated in staphylococcin 1580; histidine, arginine, methionine, and tyrosine occurred only in small amounts. The presence of tryptophan was questionable since a tyrosine-tryptophan ratio of about 23 was estimated as described by Beaven and Holiday (4) from the absorption spectrum in 0.1 N NaOH (Fig. 1) . The hexosamine content determined in the amino acid analysis was 0.95% and corresponded to the amount determined according to Boas (6) .
Neutral sugars could be identified in the acid hydrolysate of the staphylococcin by thinlayer chromatography using a mixture of pyridine, 1-butanol, and water as solvent (Fig. 2) . Two brown spots and one yellow one could be detected having RF values identical to those of galactose, glucose, and fucose, respectively. Development of chromatograms with mixtures of ethyl acetate, pyridine, and water (8: 2: 1; v/v/v), benzene, 1-butanol, pyridine, and water (1:5:3: 3; v/v/v/v), and ethyl acetate, acetic acid, and water (3:3: 1; v/v/v) as solvents and using also fructose and arabinose as references led to the same conclusion. The relative amounts of the neutral sugars were determined after elution from paper chromatograms (Fig.  3) . Three distinct peaks could be observed. The sugar contents calculated from the areas of the peaks were 59% glucose, 31% galactose, and 10% fucose. In order to confirm the iden- (4) . Samples of rhamnose (1), mannose (2), glucose (3), galactose (5), fucose (6), and xylose (7) were used as references. After development, the components were detected upon spraying with a p-anisidine solution. 0, Origin. F, Front line of the solvent. tity of glucose, galactose, and fucose, the sugars were analyzed by the Dische cysteine reactions (12) . The absorption spectra were a Calculated according to Beaven and Holiday (4) using the data of Fig. 2 .
'Corrected for loss during hydrolysis. (Fig. 4) .
Stability of the bacteriocin activity. dTrypsin, Pronase, chymotrypsin, or lysozyme (200 Mg/ml) was incubated with the staphylococcin preparation at pH 7.5. eLysostaphin (10 pg/ml) was incubated with the staphylococcin preparation at pH 7.0. was observed upon bubbling nitrogen through an active preparation. Lyophilization and storage at 4 C for a long period strongly reduced the activity. This effect could not be prevented by addition of ,B-mercaptoethanol (0.06 M) or glycerol (10 or 30%). The decrease in activity was even larger in the presence of glycerol. However, in the presence of 0.5% bovine serum albumin, staphylococcin 1580 could be lyophilized and stored for a long period without loss in activity.
The staphylococcin was sensitive to the action of trypsin, Pronase, and chymotrypsin. Lysozyme and lysostaphin had no effect on the activity of the staphylococcin. Separation of the protein moiety by treatment with an equal volume of 90% phenol at 4 C resulted in an inactive protein preparation. Extraction with an equal volume of hexane destroyed the activity. The activity was not destroyed by a 2-hr incubation period at pH values between 3.5 and 8.5 at 37 C (Fig. 5) .
Action spectrum. The action spectrum was determined according to the mented with 3% NaCl, 5% unheated horse serum, and 50 gg of lysozyme/ml, were still as resistant as cells of their parent strain.
Adsorption. Staphylococcin 1580 was incubated with bacterial cells, cell walls, and cell membranes at 37 C for 1 hr. After centrifugation the staphylococcin activity was determined in the supernatant fluid (Table 6 ). Staphylococcin 1580 was adsorbed both to cell walls and cell membranes of S. aureus Oxford 209 P and E. coli NCTC 10418. Whole cells of S. epidermidis 1580, S. aureus NCTC 6571, E. coli NCTC 10418, and S. faecalis NCTC 9790, which were resistant to the action of the bacteriocin, adsorbed staphylococcin 1580.
Bactericidal effect of staphylococcin 1580. Treatment of S. aureus Oxford 209 P grown in the exponential phase with staphylococcin 1580 caused a rapid decrease in the number of CFU whereas the optical density at 600 nm remained constant (Fig. 7) . These results indicated that the effect of staphylococcin 1580 on sensitive bacteria was bactericidal rather than bacteriolytic.
DISCUSSION
Investigations of the chemical nature of bacteriocins have shown them to be a very heterogeneous group of substances ranging from simple proteins and proteins complexed with lipids and carbohydrates to particles resembling phages. Comparison of the amino acid composition of staphylococcin 1580 and several other bacteriocins (11, 19, 25) reveals many similarities. In all these bacteriocins, the acidic amino acids, glutamic and aspartic acid, and the neutral amino acids, glycine and alanine, were predominant. In contrast to most of the other bacteriocins, the phenylalanine content was high in staphylococcin 1580. Comparison of the amino acid compositions and eventually the sugar contents of staphylococcin 1580 and other staphylococcins is not possible because no data are available (10, 15, 27) .
The purified staphylococcin 1580 was inactivated by lyophilization, mechanical agitation, storage at 4 C over a long period, and heat treatment at 120 C for 15 min. Addition of bovine serum albumin had a stabilizing effect INT is the number of CFU per ml after 5 min incubation at 37 C with 1,000 arbitrary units of staphylococcin 1580 per ml. (5, 33) , since stable L-forms still adsorbed bacteriocins. However, there is some discrepancy about the sensitivity of stable L-forms to the lethal action of bacteriocins (32, 36) . It is not elucidated that the cell wall plays a role by the correct orientation of the bacteriocin to the cell membrane (20, 31) .
Stable staphylococcal L-forms were inhibited by staphylococcin 1580 to the same extent as their parent strains. Spheroplasts of E. coli NCTC 10418 are as resistant as their parent strain. Staphylococcin 1580 was adsorbed to whole cells, cell walls, and cell membranes of resistant and sensitive strains. One may conclude that, on the one hand, the bacteriocin can be adsorbed to a specific receptor site on the cell membrane resulting in the death of the cell, but that, on the other hand, the bacteriocin can be adsorbed to various aspecific receptor sites on the cell wall and cell membrane, thus explaining the attachment even to E. coli cells. Further studies on adsorption are in progress.
Staphylococci produce many inhibitory substances, which show a bacteriolytic (1, 35) or a bactericidal (3, 16, 22) effect on other staphylococci. In contrast to the bactericidal substances, the knowledge of bacteriolytic enzymes is well established (39, 40) . However, the latter compounds are not related to bacteriocins. Staphylococcin 1580 is bactericidal to sensitive cells like the staphylococcins isolated by Gagliano and Hinsdill (15), Dajani et al. (10) , and Lachowicz (26) .
Studies on the mode of action are in progress.
